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Claims : 

1. An electro-optical device, wherein liquid crystal 
is arranged between two plates, the liquid crystal essentially 
comprises a substance exhibiting a nematic phase and positive 
anisotropy of dielectric constant and has a helical structure 
in the direction perpendicular to the plates , each of the plates 
has a surface structure exerting an orientation effect on 
molecules of the liquid crystal adjacent to the plate, means 
for applying an electric field to the liquid crystal is included , 
one polarizer is arranged before the liquid crystal as observed 
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from the side of incident light , and another polarizer is 
arranged behind the liquid crystal. 

2. An electro-optical device, wherein liquid crystal 
is arranged between two plates and essentially comprises a 
substance exhibiting a nematic phase and positive anisotropy 
of dielectric constant, an optically active substance applying 
a helical structure in the direction perpendicular to the plates 
is added to the liquid crystal, each of the plates has a surface 
structure exerting an orientation effect on molecules of the 
liquid crystal adjacent to the plate, means for applying an 
electric field to the liquid crystal is further included, one 
polarizer is arranged before the liquid crystal as observed 
from the side of incident light, and another polarizer is 
arranged behind the liquid crystal. 
Detailed Description of the Invention 

[0001] 

The present invention relates to an optical cell including 
liquid crystal arranged between two plates, and more 
particularly to an optical cell whose optical activity can be 
controlled by an electric field or a magnetic field. 

[0002] 

Several well-known optical devices use a "dynamic 
scattering effect" (D.S. ) (for example, refer to UK Patent No. 
1167486). The well-known device essentially includes a 
capacitor having dielectric comprising a transparent plate and 
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a nematic material. A current flows through the capacitor and 
moving charge carriers thereof generate turbulent flow in the 
nematic material. Since the nematic material has optical 
anisotropy, light which passes through the transparent 
capacitor plate and then reaches the liquid crystal is scattered 
by the turbulent flow, so that the transparency and/or 
reflectance of the cell varies. 
[0003] 

The optical cell using the "dynamic scattering effect" 
cannot be used when a demand regarding the optical uniformity 
of the cell indicates a high level. Because problems occur due 
to the turbulent flow in the liquid crystal in this case. 
Furthermore, as another drawback, the coherence and 
polarization of incident light are disturbed by the scattering. 
Consequently, for example, laser light cannot be modulated by 
the D.S. cell without losing the , coherence and polarizing 
properties in some cases. A critical voltage in the D.S. cell 
is equal to about 6V, namely, relatively high and a voltage 
at which light scattering becomes saturated is equal to about 
20V, namely, relatively high. Such facts become drawbacks in 
many applications in which it is necessary that a power supply 
component is small in a case of, for example, battery operation. 
Finally / the life is naturally closely dependent on ion transport 
in the nematic material (namely, the life is reduced in 
proportion to the magnitude of the electric current flowing 
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through the cell). 
[0004] 

It is an object of the invention to avoid the 
above-mentioned drawbacks. Accordingly, it is an object of 
the invention to obtain an optical cell which is optically 
uniformed and in which the coherence and polarization of incident 
light is reserved. 

[0005] 

According to the invention, there is provided an optical 
cell which includes liquid crystal arranged between two plates 
and whose optical activity can be controlled by an electric 
field or a magnetic field, wherein at least one of the plates 
is transparent, the liquid crystal has a helical structure in 
the direction perpendicular to the plates, and the surface of 
the plate facing the liquid crystal is aligned with wall 
orientation. 

[0006] 

The "wall orientation" of the plate denotes a surface 
state exerting the orientation on molecules adjacent to the 
plate, namely, a boundary layer of the liquid crystal. The 
molecules in the boundary layer are aligned in parallel to the 
wall orientation. The wall orientation is obtained by rubbing 
the surface of the plate with, for example, compressed cotton. 

[0007] 

The liquid crystal is made of, e.g. , a nematic compound. 
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The nematic liquid crystal has a parallel structure. In other 
words , when it is not influenced, themolecules are substantially 
aligned with a preferred orientation in which they are parallel 
to each other. 
[0008] 

When the nematic liquid crystal is disposed between the 
two plates having the same wall orientation, it is assumed that 
the crystal structure thereof is aligned with the preferred 
orientation parallel to the wall orientation. When the two 
plates are rotated so as to be displaced from each other, the 
boundary layers adjacent to the respective plates are adhered 
to the surfaces of the respective plates. Consequently, the 
orientation of the nematic molecules arranged in the middle 
portion between the boundary layers is successively transited 
from one of the wall orientations to the other orientation. 
Accordingly, the nematic molecules have the helical orientation 
along an arbitrary line perpendicular to the plates. 

[0009] 

The above type helical structure can also be obtained 
by adding a small amount of a cholesteric liquid crystal 
substance or other optically active substance to the nematic 
liquid crystal. The cholesteric liquid crystal has a helical 
structure even when it is not influenced. When the cholesteric 
liquid crystal is added to the nematic liquid crystal, the 
cholesteric liquid crystal " induces " the helical structure into 
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the nematic liquid crystal . The wall orientation or an adhesive 
force caused whereby fixes the helical structure on the surface 
of the plates. 
[0010] 

The liquid crystal having the helical structure has 
optical activity. In other words , the polarizing direction 
of plane-polarized light passing through the liquid crystal 
varies in accordance with a spiral in the helical liquid crystal 
structure. 

[0011] 

The optical activity of the liquid crystal having positive 
anisotropy of dielectric constant can be controlled by the 
electric field. When an enough strong electric field is 
generated in the liquid crystal in the helical axial direction 
( namely , the direction perpendicular to the plates), the 
molecules other than those in the adhesive boundary layers are 
aligned in parallel to the electric field. Consequently, the 
helical structure is destroyed, so that the optical activity 
disappears. When the electric field is eliminated, the 
preceding structure is recovered. 

[0012] 

To easily understand the invention, embodiments of the 
invention will now be described in detail with reference to 
the drawings . 

[0013] 
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Fig. 1 schematically shows the orientations of various 
kinds of layers in liquid crystal having the helical structure. 
The helical structure is made due to the wall directions of 
two plates ( not shown ) sandwiching liquid crystal therebetween . 
Alternatively, the helical structure is induced by adding a 
cholesteric compound. A boundary layer 1 is aligned in the 
y direction. A boundary layer 2 is aligned in the z direction. 
As to a plane 3 that is arbitrarily set between both the boundary 
layers, owing to the distance from the boundary layers, the 
orientation of the plane is set at an angle between the y direction 
and the z direction. 

[0014] 

Fig. 2 shows an electro-optical device, which includes 
a polarizer 12, an analyzer 13 arranged in parallel to the 
polarizer 12, and an electro-optical cell 11 disposed 
therebetween, for successively controlling transmission. The 
cell 1 1 is a planar capacitor and includes a dielectric substance 
16 disposed between two parallel plates or electrodes 14 and 
15 arranged at a distance. 

[0015] 

The dielectric substance 16 comprises nematic liquid 
crystal having positive anisotropy of dielectric constant 
(namely, the dielectric constant along the longitudinal axis 
of the molecule is larger than that in the direction 
perpendicular thereto: en > e±). 
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[0016] 

Each of the electrodes 14 and 15 comprises a glass plate. 
The surface of glass adjacent to the liquid crystal is coated 
with S n 0 2 . The S n 0 2 surface is subjected to a treatment so that 
the liquid crystal molecules in the boundary layers are aligned 
with the preferred orientation in which the longitudinal axis 
of each molecule is parallel to the electrode surface. 

[0017] 

In the formation of the cell 11 , when the preferred 
orientations of the electrodes 14 and 15 are rotated so as to 
be displaced from each other, the liquid crystal molecules in 
the boundary layers are aligned with the preferred orientation 
of the electrodes, and nematic molecules between the boundary 
layers are aligned so that successive transition is made from 
the preferred orientation in the boundary layer of the electrode 
14 to the preferred orientation in the boundary layer of the 
electrode 15. The liquid crystal molecules are aligned 
helically along an arbitrary line perpendicular to the 
electrodes . 

[0018] 

For example, the polarizing direction of plane-polarized 
light that passes through the electrode 14 to be polarized in 
parallel to the preferred orientation of the electrode 14 is 
changed in accordance with the orientation of the nematic 
molecules. When the light passes through the electrode 15 and 
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then goes out of the cell 11, the polarizing direction matches 
the preferred orientation of the electrode 15. When the 
preferred orientations of the electrodes 14 and 15 are rotated 
so as to be displaced at 90° with respect to each other (the 
wall orientations cross each other) , the polarizing direction 

of the incident light is rotated by 9 0°. 
[0019] 

Since the cell 11 is arranged between the polarizer 12 
and the analyzer 13 , the preferred orientation of the electrode 
14 adjacent to the polarizer 12 is parallel to the polarizing 
direction of the polarizer 12. Accordingly, when the wall 
orientations in the cell cross each other, the preferred 
orientation of the electrode 15 is perpendicular to the 
polarizing direction of the analyzer 13. Accordingly, light, 
which passes from a light source 17 to the polarizer 12, is 
polarized in the direction of the z coordinate shown in the 
diagram and then passes through the electrode 14 to enter the 
liquid crystal 16. When the light passes through the liquid 
crystal, the light is successively rotated in the y direction 
and then goes out of the cell 11 through the electrode 15. The 
light does not pass through the analyzer 15 which is aligned 
in the z direction. Consequently, an observer 18 cannot see 
any light from the light source 17. 

[0020] 

On the other hand, when the analyzer 18 is rotate at 90° 
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with respect to the polarizer 12 , the light from the light source 
17 reaches the observer 18. 
[0021] 

When a voltage is applied to the electrodes 14 and 15 , 
namely, when the electric field perpendicular to the electrodes 
is formed in the liquid crystal, since en > eJ_, torque affects 
the nematic molecules to move the longitudinal axis of the 
molecule in the direction toward the electric field. When the 
voltage applied to the electrode is increased, the orientation 
is gradually close to the direction toward the vector of the 
electric field. When the voltage is enough high, finally, the 
orientation is actually parallel to the electric field vector. 
Simultaneously, the helical structure disappears and the 
optical activity of the liquid crystal also disappears actually . 
In this case, the polarized light, which passes through the 
electrode 14 and then enters the cell 11', leaves the cell 11 
without a change in the polarizing direction. After the voltage 
is eliminated, the helical structure of the liquid crystal is 
recovered due to the wall orientation. 

[0022] 

Fig. 4 shows a rotation angle depending on the applied 
voltage in a specific embodiment. When the voltage is not 
applied, the rotation angle is set to 90°. In a case where the 
voltage applied across the liquid crystal is increased, the 
rotation angle is not changed until the voltage reaches about 
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4V and, after that, when the voltage is equal to about 7V, the 
rotation angle is successively decreased until it substantially 

reaches 0°, 
[0023] 

When the voltage is applied to the electrodes of the device 
shown in Fig. 2 in which the polarization plane of the polarizer 
12 is parallel to that of the analyzer 13, the polarized light 
is partially or completely transmitted owing to the intensity 
of the voltage. When the polarizer and the analyzer cross each 
other and the voltage is enough high, the light from a light 
source 19 does not reach the observer 18. 

[0024] 

Fig. 3 shows the dependence of light transmittance in 
the above-mentioned type device in which the polarizing 
direction of the polarizer is parallel to that of the analyzer 
on the voltage to be applied to the electrodes . It is understood 
that when the voltage is not applied, the transmittance is 
substantially zero. As the voltage is increased, the 
transmittance is initially held to about zero, and then, owing 
to polarization phenomenon, the voltage reaches a critical 
voltage. When the voltage exceeds the critical voltage, the 
transmittance is successively increased and then becomes 
saturated. 

[0025] 

The optical activity can be controlled by either a DC 
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voltage or an AC voltage. A method of a preferred operation 
depends on the application. When AC voltage operation is 
performed, the polarization phenomenon can be avoided, so that 
the critical voltage is especially low. The curve shown in 
Fig. 3 does not depend on a frequency lower than about 80 kHz. 
[0026] 

The liquid crystal used in the device is made of 
N(4 1 -ethoxi-benzylidene) -4-amino-benzonitrile (PEBAB) . It 
is a matter of course that other arbitrary nematic substance 

having the positive anisotropy, namely, in which en > eJ_ is 
used to derive substantially the same result. In the cell, 
the electrode plane has an area of about 4 cm 2 . The thickness 

of liquid crystal is set to 10 to 100 \i. 
[0027] 

The following results, which are obtained by using the 
above-mentioned device, clearly exhibit the superiority to the 
corresponding electro-optical cell based on the "dynamic 
scattering effect" of the cell according to the embodiment of 
the invention. 

[0028] 

Since the polarization of the incident light is actually 
unchangeable, the cell to which the invention is applied is 
suitable for, e.g., modulation of laser light. The critical 
voltage at which the electro-optical effect is obtained is equal 
to about IV in case of the AC voltage and is equal to about 
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2 . 5V in case of the DC voltage - The saturation voltage is equal 
to about 4V in both the cases of the DC voltage and the AC voltage . 
The voltage consumption in the direct current operation is 
extremely lower than that of the D.S. cell. Finally/ the life 
is remarkably long because transporting charge carriers is slow. 
[0029] 

To obtain various useful effects, many design 
modifications can be made. For example, a device in which two 
polarizers are used and colored liquid crystal is used in the 
cell 11 can be formed. In the device, when a voltage is not 
applied, it is opaque. When the voltage is applied, it is 
transparent for one color alone. It is matter of course that 
the effects can be obtained in the reverse case. In a 
transitional region, there is a shade corresponding to a scale 
between black and the selected color. 

[0030] 

The cell 11 can also be used in a reflective mode. For 
this purpose, the analyzer 13 (of, for example, a thin type) 
disposed behind the cell is adhesively fixed to a normal mirror. 
Light incident on the mirror is reflected or absorbed owing 
to the fact that the voltage is applied to the cell or not. 

[0031] 

The cell to which the invention is applied can be suitable 
for various applications. Since the coherence is maintained, 
the cell can be used as an element in a page constituting a 
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matrix for hologram memory . As well known, the above-mentioned 
type matrix has many (for example, 10 4 ) elements. Since the 
element becomes opaque or transparent to coherent light in 
accordance with a control, it can be used to write bits in the 
memory. Particularly, the device according to the invention 
can be used for addressing. For this purpose, liquid crystal 
is arranged between two plates having conductive coating that 
is divided into many pieces which are insulated from each other. 
In this instance, the orientation of the pieces on one plate 
is perpendicular to that of the pieces on the other plate. To 
address each element, a voltage can be applied to the pieces 
by proper connection. 
[0032] 

In addition to the above-mentioned special applications, 
the cell is generally used to modulate the intensity of light. 
In this case, a low control voltage is particularly favorable. 

[0033] 

Since a light beam can be allowed to disappear, as opposed 
to the D.S. cell, an electro-optical shutter can be formed. 
The orientation of the polarization plane of the plane-polarized 
light can be electronically controlled and modulated (for 
example, for polarization measurement). Furthermore, there 
is an application to a television and data processing (optical 
and electric signal recording). 

[0034] 
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The device can also be applied to the manufacture of glasses 
having absorption controlled by the intensity of incident light . 
Brief Description of the Drawings 

Fig. 1 shows the model of liquid crystal having a helical 
structure; Fig. 2 shows an electro-optical device having light 
transmittance which can be successively controlled; Fig. 3 is 
a graph showing the dependence of light transmittance in the 
cell according to the embodiment of the invention on a voltage 
applied to a plate; and Fig. 4 is a graph showing the dependence 
of a rotation angle in the direction toward the polarization 
plane of plane-polarized light in the device shown in Fig. 2 
on a voltage to be applied. 

optical cell ...'11, plate ... 14 and 15 , liquid crystal . . . 
16, polarizer ... 12 , analyzer (polarizer) ... 13 
[Fig. 3] 

MiHk : Transmittance 
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